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DISCUSSION ON ACCIDENTS IN THE OPERATING THEATRE
Dr. Keith Simpson (London):
Surgical (and dental) theatres are places where the risks that are consciously faced by the operator and anasthetist are high-greater than ever before owing to the increasing complexity of techniques. The bottle and mask have given way to the "cocktail" trolley, cylinders are becoming replaced by ampoules and the utterly passive patient is being maintained by artificial inflation and a cold or extracorporeal circulation, whilst surgery of a delicacy hitherto undreamed of is being performed on vital parts, parts whose physiological efficiency can be maintained electrically and pharmacologically. In these things a high technical efficiency counts for much, and a sensitive operator with eyes and ears attuned for the first signs of disaster for as much again. I must ask at the outset whether the strained atmosphere of tension and the prolonged physical and mental demands made upon some teams in the theatre are the ideal working conditions most likely to avert stress breakdowns, or whether they may not conduce to fatigue and the kind of lapses of acuity of the senses that encourage accidents.
A carefully integrated partnership, carefully planned for a full team of experienced theatre personnel, has one advantage that the fighting Services and industry recognize -the alert freshness that comes from periods of rest.
Definition of an accident.-There are possibly no accidents in the theatre that are, in Sir Frederick Pollock's definition, "not avoidable by any precautions that a reasonable man might take". Something somewhere has somehow at some time escaped the critical attention of some expert whose duty was to see that the risk was avoided. I am not, of course, talking of the risk of breakdown of a high cesophagoenterostomy, of the development of arrhythmia or fibrillation during cardiotomy, or of frank intolerance to synthetic cocaine derivatives. I am speaking of mistakes in the use of labelled drugs or gases, of burns, of theatre explosions, of the use of defective anesthetic apparatus, of lack of expert vigilance, of bungling surgery, of air embolism, of many common vagal reflex disasters. These are the "accidents" we should consider, for the majority are avoidable. Accident or misadventure-liability.-This raises a preliminary question as to whether there OCTOBER is any real difference between something that the surgeon or anesthetist recognises as a natural risk of the procedure that he must take every step to minimise (though he may plead the utter impossibility of averting the risk altogether) and something unforeseen that takes him by surprise, a "bolt out of the blue", a "pure accident" (with varying degrees of purity) that, looking back, he feels might have been avoided. Some people have in the past tried to make a separate class of the natural risks that miscarry and to call them "misadventures" as distinct from "accidents", possibly in the hope that litigation may seem thereby to be held a little farther away. This is in law without foundation, for accident and misadventure are synonymous. A surgeon or anaesthetist may have to defend either on the grounds of reasonable care, and lack of such care will incur liability. But mistakes do not, provided due care is proved.
Accidents due to negligence.-I have taken from my records of the last ten years exactly 100 successive fatal theatre accidents. To go back for thirty years, as I have for other purposes, does not illuminate the issue very much, though it does exhume some remarkable practices. Accidents are no less frequent it would seem, but they are on the whole less stupid. Standards of surgical and anesthetic practice have undoubtedly improved enormously during the last twenty years and, except for one incorrigible piece of stupidity, that of the dentist who still undertakes the combined risks of anmsthetist and surgeon, utter lack of responsibility of the indefensible kind that the amateur anesthetist or general practitioner otorhinolaryngologist used to undertake so light-heartedly has almost disappeared, but not altogether. The wrong patient may still have his healthy femur pinned-and die of it, the man who needs anal dilatation and the woman whose shoulder needs manipulation may still be switched, 9 in. of femoral artery may still be excised in elementary error for vein, swabs and forceps may still be counted "in" instead of "out", rectal anesthetic be put up in surgical spirit instead of saline, corrosive iodized phenol painted on the skin instead of a weak iodine solution. I am giving random cases of frank negligence from my own experience. And I cannot, of course, speak of the surgeon (or anesthetist) whose enthusiasm exceeds his judg-Sectional page 31 Meeting March 2, 1960 ment: of the man who, i available diagnostic methods a lung tumour only to plunj aneurysm of the aorta, who only to find himself too shor better channel, of the anmst1 gives overdoses of Pentothal bility to acquaint himself i thetic drugs, or who finds I sight of his patient, muscl4 surgical enthusiasts. These accidents. They constitute ni criminal disregard for the rez patient, and they are very X The frequency ofavoidable of surgery or anesthesia recognized too late-when i but the results of it that s face. The time to inspect tubing, or drugs, the time forceps is before, not aftei accidents, like explosions, others, like air embolism, a and many are survived by ti must greatly underestimate theatre mishaps.
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In a series of 87 vaso-vagal inhibition deaths in which something I studied from my general records several years I not be regarded as a ago the sources were, in decreasing order of edure) ended fatally, frequency: obstetric 19, serous membrane 18, 6 anesthetic mishaps throat or glottis 17, bladder and urethra 13, o one on the surgeon carotid sheath 9, skin 4, cardiovascular 3, alimentary (viscera) 3, peripheral nerve 1. . occur in the last phases as anesthesia is lightening 4 when the risk of a vagal reflex is either forgotten l or taken to be too small to matter.
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.. 8 Air accidents have only come to be accepted as 2 dangerous since the last war when pressurized .. .. 1 blood administration became more popular, and 3 fatalities drew attention to the importance of 2 air-tight joints, sound rubber and a clean technique. Operative procedures near venous sinuses at might be attached. are particularly liable to air embolism, most of irgeons have come to all facial sinus and nuchal operations, but any tential litigant, but it open vein will suck air under the right conditions, and diagnostic or therapeutic injection of air, the induction of a pneumothorax or pneumoperitoneum, or vaginal and tubal insufflations, all provide occasional fatalities. We do not know how often they are fatal, for many are naturally overlooked.
Anesthetic accidents provided 26 % in this series (Table II) . Explosion is, fortunately, rare: out of 36 cases-one in every half million major anmsthetics investigated by the Stead Committee (H.M.S.O. 32436)-almost exactly a half were due to static discharge. The old bogy of an obstructed airway from vomit, bitten-off tube, dental swab, teeth, blood, or, more fortuitously perhaps, from laryngeal or bronchial spasm is the main source of death. No effective means of clearing an airway blocked by fluid has yet been devised, and even when it is temporarily effective, fulminating infection often follows or a residual lung abscess remains to identify the error. I have referred above to vaso-vagal arrest of heart beat and respiration, and some 20% of that series were in fact due to passing or withdrawing airways or instruments from the glottis or larynx under ineffective anwsthesia. When difficulties occur in anmsthesia, they are as likely as not to have ensued because they were noticed too late. Bad choice of anmsthetic and overdosage are signs of inexperience or stupidity, and neither is frowned upon by the law. Indeed, on appeal in a recent case it was held that an anmesthetist could not be held negligent because he had not kept up to date with his reading, and was in consequence uninformed on a risk attaching to what he did. This is a matter of competence and not of negligence.
Hypoxia or anoxia as a cause of cardiac arrest and death is a result, and not a cause, ofaccidental happenings in the theatre. It is yet another example of turning to the stable door after the horse has bolted-a fatal attitude to take over "accidents in the theatre". The best way to avoid them is to anticipate them, and plan to avoid them.
Mr. J. P. Mitchell then spoke on Diathermy Accidents (see Proceedings, 53, 348, May 1960) .
Mr. B. B. Milstein (Cambridge):
Cardiac Resuscitation Cardiac arrest in the operating theatre is an emergency which may occur in any branch of surgery and appears to be increasing. Thoracic and cardiac surgery account for only one-third of the cases. The incidence of cardiac arrest is difficult to determine but is probably about 1 in 3,000 operations. Figures which I have obtained from the Registrar-General suggest that about 600 cases of cardiac arrest occur in this country 49 f Surgery 845 every year (Milstein, 1956) . This is probably an underestimate and in order to obtain further information a cardiac arrest registry to which all cases are reported should be established. In published series of cases of cardiac arrest, the mortality is 70-90%, as it was fifty years ago (Milstein, 1956) . In 1,700 recent collected cases the mortality was 71 % (Stephenson, 1958) . One of the tragedies about cardiac arrest is that it commonly occurs in otherwise healthy patients. The highest incidence is in the first decade of life which accounts for 24% of all cases. 60% of patients are under the age of 50. The brain will withstand complete anoxia for about three minutes. The immediate objective in dealing with a case of cardiac arrest is not to restart the heart, but to restore the supply of oxygenated blood to the brain. This must be done within the vital three minutes available. Restoration of the heart beat can be done subsequently at leisure.
To ensure success in the treatment of cardiac arrest one must have a rigid rule of diagnosis. The rule is that if during the course of any operation or procedure under local or general anwsthesia the patient's general condition deteriorates, one must feel for the pulse in a large artery. If the abdomen is open, the abdominal aorta or one of its branches can be palpated. If it is not, the carotid artery in the neck should be sought. If the pulse cannot be felt the chest should be opened, the diagnosis confirmed by inspection and cardiac massage started immediately. It is often protested that this is a very drastic course to adopt. But one is dealing with a very serious condition, and the patient will die or suffer serious neurological damage if the blood supply to the brain is not restored within three minutes. The second objection raised is that one might open the chest and find the heart still beating. This can hardly be regarded as a very serious objection for the risk of a thoracotomy is slight. In the 12 surviving patients out of 14 that I have personally treated, in whom the chest had to be opened for cardiac massage and in whom no aseptic precautions were used, there was no case of subsequent infection. Of course, antibiotics were used freely. Even though the heart is beating cardiac massage may still be required because the cardiac output is inadequate. Patients can develop neurological damage and die from a low cardiac output with a heart beating inefficiently as well as when the heart action has ceased completely.
An electrocardiogram is of little value. Usually an electrocardiograph is not available, so that the question of its value does not arise, but even if it is it may not be helpful and can be misleading. It can be helpful to the anesthetist in giving him warning that cardiac distress may occur when he sees the presence of an arrhythmia, but a reasonably normal tracing can be obtained when there is no visible mechanical contraction and the patient is dead (Reynolds, 1953) . One is not really interested in the electrical activity of the heart but in the cardiac output or the blood pressure, and these can now be monitored continuously during an operation.
In the treatment of cardiac arrest two things are necessary to supply oxygenated blood to the brain. One is ventilation of the lungs and the other is cardiac massage. When this emergency occurs, therefore, the anwsthetist must stop administering all anesthetic agents, and inflate the patient's lungs with 100% oxygen. A face mask is adequate for this purpose, but if the anmsthetist can insert an endotracheal tube quickly and easily and without allowing anoxia to develop it is an advantage, because he then has a hand free for assisting in other ways. Meanwhile the surgeon takes a knife, opens the left chest, and at the same time confirms the diagnosis and begins cardiac massage.
Precisely the same course should be followed if the abdomen is already open, but while the surgeon or his assistant is opening the chest there is no reason why the other should not attempt to massage the heart with one hand under the diaphragm and the other over the sternum. Sometimes this will be effective in restarting the heart, as it was in the first successful case which was reported by Starling and Lane (1902) . But one must not waste time on these alternative procedures. Cardiac massage is invariably effective in supplying oxygenated blood to the brain, unless there is some obstruction in the circulation between the left ventricle and the cerebral vessels. Percussion of the chest, injection of drugs, and pricking the heart with needles may all be effective on occasions, but they cannot be guaranteed to be effective.
The incision is made in the left 4th, 5th or 6th intercostal space. As it is deepened through the intercostal muscles, one must be careful that the underlying lung is not injured. Once the pleura is opened the lung falls away. The incision must be a long one running from the midline far back into the axilla. If the incision extends far back into the axilla it is certainly possible to make an adequate opening through which one can insert both hands. The ribs must be spread forcibly. If necessary costal cartilages can be divided up and down. The heart is then massaged for a short time through the intact pericardium. It may start. If it does not after 30 seconds or so the pericardium should be opened widely. The heart can then be drawn out and compressed between the two hands.
The compression must be between the palms of the hands and not with the tips of the fingers, because if the fingers are used the heart may be perforated. In a child's heart, when it is only possible to use one hand, compression should be between the palm and the thenar eminence and not with the pulp of the thumb, as again this may cause a perforation. The rate of massage should be about 50 per minute. Rates much faster than this cannot be kept up for more than a few minutes because of fatigue. Moreover it is necessary to wait for the heart to fill in diastole before it can be emptied. This is easily appreciated by the two hands round the heart. Electromanometric recordings of the blood pressure from a needle in the brachial artery during cardiac massage have shown pressures of up to 75 mm Hg (Deuchar and Venner, 1953) . In another patient when a needle was placed in the aorta a blood pressure of 10mm Hgwas obtained.
If the massage is effective, it should be possible to feel a pulse in a large artery such as the carotid or abdominal aorta. After a short time the pupils, which have become wide and dilated, should diminish in size. If these features are not observed then the efforts at massage must be increased because it is likely that the output is inadequate. Once the blood supply to the brain has been re-established, one can look to restoration of the heart action. The first step is oxygenation of the myocardium and this is done by cardiac massage at the same time as the lungs are being ventilated, so that oxygenated blood is forced down the coronary arteries. The heart, which was pale mauve in colour, will be seen to become pink. Pink areas spread out from the coronary arteries until they gradually coalesce.
Cardiac asystole and ventricular fibrillation must now be differentiated. In asystole the heart is completely motionless and toneless. In ventricular fibrillation there is continuous uncoordinated movement of the muscle fibres. At first this is very feeble, and it may be so feeble that those without experience must look very closely at the heart before being able to observe any movement at all. After massage and other treatment, as the tone of the myocardium improves, the fibrillation becomes more vigorous and coarser until the whole heart is thrown into violent movement by the unco-ordinated contractions. This is a stage in recovery and a stage at which electric defibrillation is likely to be successful. If the heart in asystole does not start with cardiac massage, an injection of either adrenaline or calcium chloride should be used. The injection must be given into the cavities of the heart. It does not matter into which cavity the drug is injected. It is preferable to use large volumes of dilute solutions rather than a small volume of more concentrated solution, because under these circumstances the needles become detached from the syringes and with a small dose like 1 ml there can be great doubt whether any of it was injected. Therefore one should use 10 ml of 1/10,000 adrenaline or 10 ml of 1 % calcium chloride. Another reason for not using 10% calcium chloride is that if it is injected into the myocardium it will produce severe necrosis.
If the problem is ventricular fibrillation the first step is oxygenation of the myocardium by massage. Fibrillation may now change from feeble to coarse. If it does not, an injection of adrenaline will usually produce this effect, and, when the fibrillation is seen to be coarse and the tone of the myocardium is felt to have increased, electric defibrillation can be tried. This is merely a matter of applying a shock of between 1 and 3 8 amps across the ventricular myocardium and for this one needs between 150 and 350 volts. Every operating theatre should now be equipped with a proper defibrillator. The shock must be applied through two large and well-padded electrodes soaked in saline so that good contact is made with the surface of the heart as otherwise it is possible to produce a burn. The shock should be as brief as possible-02 to 0 5 of a second. If one shock is not effective serial defibrillation should be used (Wiggers, 1940) , giving a series of shocks as quickly as possible one after the other. The whole of the myocardium then becomes asystolic because all the fibres are refractory, and the heart starts again spontaneously or after further massage.
I have obtained much experience in dealing with this problem through cardiac surgery, but it does not require a great deal of experience although it does require some. It is therefore advisable that everybody should practise cardiac massage, both on experimental animals and in the post-mortem room, to become familiar with the technique. The essential feature is speed in initiating treatment. One must acquire almost a conditioned reflex so that there is no need to stop and think. To achieve this is not easy, but it is the only way in which the heavy mortality from this condition can ever be reduced, as it can be, to no more than 10%.
WIGGERS, C. J. (1940) Amer. Heart J., 20, 413.
Dr. J. B. Wyman (London):
Anxsthetic Accidents If an attempt were made to list all accidents possible during anesthesia, it would be found that they had already occurred. Who would imagine that a theatre orderly's sense of uniformity was so disturbed that he had to paint all the gas cylinders in the theatre so that they were indistinguishable from those containing oxygen? Or that someone would use an anesthetic machine delivering cyclopropane and oxygen as an ash-tray, with the consequent disappearance of the said machine?
Or that respiratory obstruction could result from such causes as (1) a volvulus of the rebreathing bag, (2) a hiatus hernia within an endotracheal tube, (3) an imperforate endotracheal connector, or (4) a paraphimosis of an endotracheal cuff?
The first principle of anesthesia is to check the patient, the machine and the drugs. To do this, the aneasthetist must give himself time. He must either, and preferably, arrive some time before the operation, or be prepared to keep his surgeon waiting. The second principle is to watch the patient throughout the anesthetic both directly and by some form of monitoring apparatus. Whenever possible I use some form of spinal-aniesthetic screen which enables the anesthetist to watch the patient all the time, and renders it unnecessary for him to burrow under the sterile towels. The form of monitoring varies from simple intermittent blood pressure recordings to complex apparatus. A record of the anesthetic given and the drugs used should be made. In my own hospital, we keep detailed records of the anesthetic procedure and events during the operation, and insert a brief summary in the patient's general notes.
Frequently anasthetists and surgeons, though well acquainted with the cause of some accidents, persist in using suspect techniques. An example is the continued widespread use of 5% thiopentone when it is accepted that the use of 24% thiopentone will lessen the likelihood of ischaemic damage following the accidental introduction of the solution into an artery. I once deliberately injected without untoward result 10 rnl of 214% thiopentone into the artery of a patient whose limb was about to be amputated for malignant disease, and I strongly urge the general adoption of 2.4% thiopentone.
Should this disaster of the introduction of thiopentone into an artery occur, the treatment is, firstly, to get rid of the initial spasm by means of a brachial plexus block or even by sympathectomy. The return of the radial pulse or the relief of spasm and pain does not mean that the danger of gangrene is over for the vessels are already damaged. The second step, therefore, is the prevention of ischmmic changes by preserving the blood flow through the part until recovery takes place. This is best achieved by keeping the patient on heparin for at least a week and by abandoning the operation, unless absolutely necessary.
The anesthetist should protect the patient from injuries due to errors in posture. These include post-operative nerve palsies such as those caused by brachial plexus injuries, excessive pressure on thighs and ankles due to prolonged use of unpadded lithotomy poles, and dangling feet and arms giving rise to foot and wrist drop. I advocate the abandonment of both shoulder supports and wrist-harnesses to keep the patient in the Trendelenburg position, and the adoption instead of the corrugated mattress. Though I know it is common practice, I avoid abduction of the arms for intravenous infusions. Traction is the probable cause of brachial plexus injuries and this position can be dangerous. I prefer to have the arms folded across the chest or anchored to the patient's sides by means of plastic hooks.
Explosions.-That some anesthetic agents are explosive is well known and I am sure that surgeons will always heed the anesthetists' caution to avoid using the diathermy or cautery on such occasions. The greatest danger to-day, however, is that of static electricity initiating an explosion. While the anesthetists can insist upon the avoidance of the use of nylon pillowslips and woollen blankets in the theatre, it will take all our combined persuasive power to make our nursing colleagues give up the wearing of dangerous man-made materials while assisting in the theatre.
It is a frightening thought that the anmesthetist who rushes in half dressed for the street and half dressed for the theatre, can, every time he rises from his anesthetic stool, initiate a spark between the seat of his trousers and the top of the stool in the region of 2,000 to 3,000 volts, and given the right condition of humidity cause an explosion in any anesthetic gases lurking in the vicinity. The elimination of explosions depends on prophylaxis. Either avoid explosive agents or else take all the precautions recommended.
Vomiting.-The inhalation of gastric contents is responsible for more anwsthetic deaths than any other cause. It is the greatest single cause of maternal mortality during obstetrics. It is a problem to which there is no single and final answer, but the dangers can be diminished. Vomiting is a reflex action. The vomiting centre is situated in the dorsal portion of the lateral reticular formation and receives many afferent impulses, from the higher centres (as in psychic vomiting), the labyrinth (as in motion sickness), the mucosa of the fauces and pharynx (as in induced vomiting), from the stomach and peri-toneum, and from the chemoreceptor trigger zone situated on the medullary surface. Various drugs and substances produced in the body reach the chemoreceptor trigger zone via the blood stream and stimulate it to produce vomiting, e.g. opiates, apomorphine, anoxemia (as in mountain sickness). Similar effects may also result from circulatory changes, such as fall in blood pressure and raised intracranial pressure. Vomiting may be due to a summation of these stimuli. The best example of this is during the induction of anmsthesia for an emergency when there is fear, stimulation of the fauces by anesthetic gases or premature insertion of the airway, when opiates may have been given and there may be some degree of oxygen lack. Added to all this is the fact that the vomiting centre is most sensitive in the zone between second and third stages of anaesthesia.
The efferent pathway is highly complicated, as is obvious if one considers the mechanism of vomiting. After a deep inspiration, the breath is held, the glottis is closed, the diaphragm is still further depressed with consequent straightening of the aesophagus, and the abdominal muscles compress the flaccid stomach against the diaphragm. From this it is apparent that vomiting cannot occur if the abdominal muscles are paralysed or when the vomiting centre is depressed by deep general aneesthesia (Scurr, 1958, Broad Way, clin. Suppl. 3, cxxx) .
Thus, to prevent inhalation of gastric contents during emergency surgery one may, when suitable, use spinal, epidural or local analgesia instead of general anasthesia. However, if general anesthesia is essential vomiting may be avoided by the following means: (a) Waiting, if possible, until the stomach empties.
The stomach is said to empty in about four hours after a meal but this may be delayed by the onset of labour or by trauma. (b) Emptying the stomach by induced vomiting. (c) Using a technique that gives a smooth induction until the vomiting reflex is depressed by deep general anesthesia. (d) The simultaneous paralysis of respiration and abdominal muscles with loss of consciousness.
(e) Mechanically preventing gastric contents from entering the trachea or by a combination of these techniques.
Mr. R. H. F. Brain (London):
The Heart Under General Anasthesia In most cases both cardiac arrest and ventricular fibrillation develop as a result of myocardial malnutrition from hypoxia, hypercarbia or electrolyte and pH changes. The alternative explanation of excess vagotonia is unlikely since under general anesthesia gross liberties can be and are taken with the vagus nerve without ill-effect. Gordon and Jones (1959) suggest that the only difference in aetiology between cardiac asystole and ventricular fibrillation is the degree and duration of malnutrition, asystole following severe acute anoxia, and fibrillation following prolonged but less severe anoxia which leads to the accumulation in the circulation of large quantities of potassium, probably released from the liver as potassium hexosephosphate, though experience of open heart surgery suggests that these two entities are not always easily separable. In general, their explanation is probably correct.
Myocardial malnutrition may occur from inadequate ventilation, hwemorrhage and cardiac manipulation, inadequate ventilation being the most important. From the surgeon's standpoint, prophylaxis consists in prompt and adequate replacement of blood throughout the operation, and the avoidance of any manipulation of the heart that obstructs its circulation such as forcible mechanical retraction, dislocation of the heart from the pericardium, and prolonged obstruction of valve orifices by the finger or instruments. Careful pre-operative appraisal and investigation of the patient is important as it may give forewarning of pulmonary and cardiac conditions predisposing to myocardial nutritional insufficiency during the operation. Hearts with a poor intrinsic blood supply either from coronary disease, aortic valve lesions or right-to-left blood shunts are particularly prone, while the excessive nutritional demands of muscle hypertrophy are difficult to satisfy, particularly hypertrophied left ventricles. For example, when operating on patients with severe calcific aortic stenosis under hypothermia, one may be faced with ventricular fibrillation in which cardiac massage cannot provide a sufficiently effective coronary circulation to enable the left ventricle to be defibrillated, although the right returns readily to a normal rhythm. Among the pulmonary conditions predisposing to ventilatory insufficiency are bronchial obstruction and increased resistance to ventilation due to fibrous replacement of the pulmonary parenchyma. Emphysematous patients with their voluminous lungs lacking elastic recoil are often extremely difficult to ventilate; inflation even to hyperinflation under pressure is easy but deflation may be almost impossible. Pulmonary massage coincidental with cardiac massage may be necessary to restore a normal heart rhythm under these conditions. The rigid, fibrous, inelastic lung, although less common, poses problems of inflation.
The time of onset of acute heart failure is often remarkably constant, which would appear to correspond to crucial periods in the ventilation of patients both on and off the operating table. A heart rarely gets into trouble during the operation but it seems to remain susceptible for several hours afterwards. Post-operative failure may be subdivided into an early group, typically occurring while the surgeon is dressing or relaxing between operations, and a later group, often in the middle of the subsequent operation on the list. Attendance in the ward at this time reveals a hypotensive, comatose patient, ventilating extremely poorly, with pallor rather than cyanosis, while PCO2 levels in the blood may be very high. Adequate mechanical ventilation will rapidly restore the blood pressure, full consciousness, and a normal appearance. Failure to recognize this picture in time ends fatally in acute heart failure. It seems relevant at this juncture to plead that surgical shock as an entity should no longer be recognized, tainted as it is with traditional inexplicability and consequent therapeutic immobility.
Finally, it is necessary to stress the premonitory signs of impending cardiac disaster as this leads to a study of the various methods used to monitor the heart during surgery, with a view either to avoiding the disaster of acute failure altogether, or at least to its earlier diagnosis and treatment. Changes in the heart-rate, particularly the onset of bradycardia accompanied by a progressive fall in blood pressure, are of serious significance. Monitoring of the heart-rate and rhythm may be carried out by the electrocardiograph while many cardiac surgeons place great reliance on the EEG measuring cerebral activity and hence indirectly general tissue nutrition. Information on arterial blood gas levels and pH changes would also be a very sensitive guide under most conditions. REFERENCE.-GORDON, A. S., and JONES, J. C.
(1959) J. thorac. Surg., 38, 5.
Dr. C. Bishop (London):
Electrical Monitoring of the Cardiovascular System during Ana!sthesia Estimation of the pulse-rate and the blood pressure readily lends itself to routine electrical monitoring during anesthesia.
The pulse is usually monitored with the electrocardiograph, the undoubted value of which in detecting myocardial damage and pulse arrhythmias hardly needs reiterating here. In recent years, due to advances in electronics, the size of the apparatus has been considerably reduced and the electrical complex can now be observed continuously on a cathode ray tube with a machine sufficiently small to be placed on the anvsthetic trolley. The Videograph is typical of this type of apparatus (Fig. 1) . A device which continuously counts and records the pulse rate on a dial has been developed, the so-called cardiotachometer. Used alone this has little practical clinical application, but if incorporated into an electrocardiograph it might be of great value.
The systemic blood pressure can be measured directly by inserting into a peripheral artery a cannula connected to an electrical manometer. Although this procedure is carried out for total heart-lung by-pass work, it does not lend itself to routine surgical practice. The standard method of estimating the blood pressure indirectly, with an inflatable cuff placed on the upper arm and a brachial stethoscope, has a number of disadvantages in the anesthetized patient. The elbow is often inaccessible, the stethoscope diaphragm is easily displaced, and, if the tubing is extended or a fall of blood pressure occurs, the Korotkow sounds become muffled or inaudible. A number of devices have been invented in an attempt to eliminate the stethoscope and replace it with some form of electronic pulse detector. The following piece of apparatus has been developed in the Department of Anesthetics at Guy's Hospital (Bishop, 1958) .
Description of Apparatus
It consists, as shown in Fig. 2 , of a small carbon microphone which is applied with adhesive strapping to the thumb or big toe. This transmits the pulsations in the pulp bed to an ammeter via an appropriate electrical circuit. The indicator needle of the meter is so arranged that it oscillates over the dial of an aneroid sphygmomanometer in time with the pulse. A blood pressure cuff is placed on the arm or leg proximal to the pulse detector as shown in Fig. 3 , and is connected to the aneroid sphygmomanometer. On inflating the cuff above the systolic pressure, the pulse is obliterated and the oscillations cease. The air in the cuff is slowly released until the first oscillations reappear. These correspond to the first Korotkow sounds and the systolic pressure is read from the sphygmomanometer. This is easily seen because the needles of the ammeter and sphygmomanometer are incorporated on the same dial.
Advantages of the Apparatus
The instrument has been used extensively in all surgical departments and has proved invaluable. It is extremely simple to use. The pulse beat is visible throughout the operation, even when a peripheral pulse is not readily palpable, as sometimes occurs in badly shocked patients or in infants. The small size of the child's thumb bed does not affect the ease with which the pulse is detected. It is also of value when a peripheral < FIG. 2. -The combined pulse indicator and sphygmomanometer, shown with the pulse detector applied to the thumb. pulse is inaccessible either due to complicated towelling, as occurs in some neurosurgical procedures, or in operations on the severely burnt patient, where the limbs are either involved or are required as donor sites for skin grafts. Irregularities in the pulse-rate from any cause can readily be seen. The time required to estimate the blood pressure is very brief. This allows the infusion rate to be accurately controlled when hypotensive techniques or vasopressor drugs are used. The measurement of the blood pressure is a one-handed procedure, a point of practical importance when respiration is manually controlled. The apparatus uses a lowvoltage battery and can therefore be used with complete safety in the presence of explosive anesthetic agents.
The machine has its limitations for, as the blood pressure falls, peripheral vasoconstriction limits the blood flow through the pulp bed, and the machine fails to detect pulsations below a systolic pressure of about 50 mm Hg.
Monitoring of the pulse and the blood pressure is of supreme importance in the early detection of failure of the cardiovascular system. This is carried out as a routine measure for major cardiac procedures, in which the surgeon has the additional advantage of having the heart under direct vision. How much more important therefore is this monitoring in operations outside the chest, involving procedures which should carry little or no mortality?
Acknowledgments.-I am indebted to Mechanical and Industrial Equipment Ltd., for permission to reproduce the photograph of their Videograph, and to the Editor of Anesthesia for permission to Modern surgery of the gall-bladder dates from 1924 when Evarts Graham and Warren Cole developed excretion cholecystography. Only those brought up in surgery before then can appreciate fully the revolution which the introduction of this test initiated. Before cholecystography, surgeons had to rely chiefly on symptoms for the diagnosis of gall-bladder disease, and negative laparotomies were common. In addition, surgeons used to regard such minor and doubtful findings as slight thickening of the gallbladder wall or an excess of fat around its neck as indicating sufficient gall-bladder pathology to justify cholecystectomy, and felt more than justified if on opening the gall-bladder after removal they found a few flecks of cholesterol in the mucosal folds. But it was not only surgeons who had diagnostic difficulties. Physicians were in the habit of making the diagnosis of chronic catarrhal cholecystitis to explain such symptoms as vague upper abdominal discomfort and a general feeling of ill-health. To-day with the perfection of cholecystography, fat round the neck of the gallbladder as a sign of cholecystitis and chronic catarrhal cholecystitis have been relegated to the limbo of medical mythology.
But although operations on the gall-bladder, properly performed, are now as completely satisfactory as any in surgery, there has been a growing realization that all is not so well with the surgery of the common duct. Stones in the duct are missed even by experienced surgeons, negative explorations are common, and there is still wide disagreement on the frequency and even the existence of various functional syndromes. The history of biliary surgery since the last war may be summarized as the attempt to bring the same degree of precision into the surgery of the biliary passages as already exists in that of the gallbladder. Cholangiography occupies such a key position in this attempt that I consider it to be the core of the problem of present-day biliary surgery.
Technique.-Once organic chemists had produced sufficiently bland radiopaque media, cholangiography followed naturally from the practice of surgeons of introducing tubes into the common bile duct after exploration. At first, the custom was to perform the cholangiography some days post-operatively shortly before removal of the tube. But soon surgeons realized that it was better to know during, rather than after, operation if they had left stones in the bile ducts. Hence the practice of operative cholangiography gradually developed. It is on the value of operative cholangiography that there has been most difference of opinion among surgeons, and it is on this that Mr. Le Quesne and Professor Lowdon will concentrate their attention. The main indication for surgery of the biliary passages, as of the gall-bladder, is gall-stones, and Mr. Le Quesne will deal with the value of operative cholangiography in the diagnosis of gall-stones. Professor Lowdon will broaden the discussion by dealing also with cholangiography in the diagnosis of other conditions such as tumours and pancreatitis, and will also touch on the difficult
